The present study was carried out to compare feeding methods in respect to milk yield and milk composition and to assess dietary preferences of lactating suckling Damascus goats receiving feed ingredients as multiple choices under confinement conditions in Northern Cyprus. A total of 36 Damascus goats was allocated to 4 experimental groups with three replicates comprising three goats each for a total period of 7 weeks. The treatment groups were 1. 0.5 kg concentrate and ad libitum lucerne hay, 2. 1.0 kg concentrate and ad libitum lucerne hay, 3. ad libitum total mixed ration (TMR) containing 40% lucerne hay and 60% concentrate, 4. free choice feeding among the main feed ingredients of the concentrate (barley, soyabean meal, wheat bran) and lucerne hay. The results showed that milk yield, concentrate intake, hay intake, total feed intake, crude protein (CP) and metabolizable energy (ME) intakes and liveweight change were affected (P<0.05) by feeding methods. Choice-feeding increased dry matter, energy and protein intake and milk yield but decreased liveweight loss. Feeding methods had no significant (P>0.05) effects on fat, protein or dry matter contents of milk. However, lactose and non-fat-solids content were affected significantly (P<0.05) by feeding methods, as lactose and non-fat-solids content of the groups increased according to their concentrate intakes.
INTRODUCTION
The lactation cycle of the goat is very similar to that of cows; milk yield reaches a maximum 1-2 months after parturition and liveweight decline proceeds rapidly to a minimum about 6 weeks after parturition. Feed intake increase more slowly than milk production, and it can reach a maximum about 8 weeks after parturition (Sutton and Alderman, 2000) . Therefore, feed intake does not meet nutrient requirements in early lactation and goats lose body weight in this period (AFRC, 1988) .
In practice, the body condition and milk yield of lactating goats depend strictly on feeding systems. Increasing concentrate in the diet improves the nutritional status of the goat by increasing energy, protein, mineral and vitamin intake and optimises the efficiency of feed utilization for growth, gestation or milk production (Cerillo et al., 1999) . However, concentrate supplementation may reduce the digestibility of dietary fibre (Archimede et al., 1995) . It is possible to overcome the difficulties in concentrate use for dairy animals by assigning a proper feeding system such as total mixed ration (TMR) and free-choice feeding with feed ingredients (Görgülü et al., 1996; Fedele et al., 2002) .
TMR is a good tool for solving the problem of low ruminal pH having a negative effect on microbial growth and milk fat content (Fox et al., 1990; Linn et al., 1994) . Similarly, free-choice feeding offers a chance for the animals to select their diet (Görgülü et al., 1996; Fedele et al., 2002) and balance rumen conditions (Fedele et al., 2002) , and thus may have a potential advantage in goat feeding. On pasture, goats utilize a much wider species of plants (Van Soest, 1982) compared with cattle and sheep, and select a diet that covers their nutrient requirements (Fedele et al., 2002) . They prefer leaves over stems and thin leaves rather than thick ones (Odo et al., 2001 ). On pasture, preferences for different species depend on their availability. There are, however, two hypotheses for the dietary preferences of animals. The first is based on the fact that animals need to learn the properties of feed before they select an appropriate diet (Kyriazakis and Oldham, 1993; Görgülü et al., 1996; Fedele et al., 2002) . The second is based on some "unlearned appetites" for specific nutrients (Kutlu and Forbes, 1993; Kyriazakis and Oldham, 1993) .
The aims of the present study are: 1. to compare feeding methods in respect to milk yield and milk composition and 2. to assess the diet preferences of the Damascus goat in the pre-weaning period when feed ingredients are offered as multiple choices under confinement conditions in Northern Cyprus.
MATERIAL AND METHODS
The study was carried out on the Ercan State Farm in Northern Cyprus, which lies on longitude 33°30'E and latitude 35°75'N. Mean temperature and rainfall for the experimental period were 20.9°C and 39.5 mm per month, respectively.
The study was conducted with a total of 36 Damascus goats in the second lactation and having twin kids. The goats, 12±0.7 days postpartum, were allocated to 4 experimental groups with tree replicates comprising three goats each in a 6 m 2 (2 x 3 m) pen. Each pen had one 0.4 m x 2 x 0.3 m trough and a 15-L bucket for fresh water. The feed trough of the choice-fed group was divided into four equal parts to present feed ingredients separately, but ad libitum. The goats were assigned to treatments according to the liveweight and milk yield at the beginning of the experiment. The experiment, including a two-week preliminary period, lasted for a total of 9 weeks. During the second week of the preliminary period, the goats of the choice-feeding group were given the opportunity to experience the ingredients that were subsequently given as choices. During this training period lucerne straw was all times available and the other ingredients (barley, soyabean meal and wheat bran) were offered alternately every three days for a period of 6 days as adapted from Görgülü et al. (1996) . Liveweight changes were recorded from the beginning of the preliminary period, milk yield and feed intake were determined after the preliminary period.
Compound feed as a concentrate and lucerne hay or lucerne straw (made from hay by chopping to a size of 1-2 cm) as roughage were used in the experiment. The composition and nutrient contents of the concentrate and lucerne are presented in Table 1 . NRC (1981) The treatment groups were 1. 0.5 kg concentrate and ad libitum lucerne hay, 2. 1.0 kg concentrate and ad libitum lucerne hay, 3. ad libitum total mixed ration (TMR) containing 40% lucerne straw and 60% concentrate, 4. free-choice feeding ad libitum among the main feed ingredients (barley, soyabean meal, wheat bran) of the concentrate and lucerne hay. The concentrate and lucerne were given as the feed basis. Lucerne hay was presented 3-4 times a day to the groups receiving 0.5 and 1.0 kg supplemental concentrate and choice-fed group to prevent excess refusal and preference of leaves to stems.
Each of the main feed ingredients, except lucerne hay, given to the choicefeeding group was mixed with mineral, vitamin and limestone at the levels used in the TMR in order to ensure micronutrient intake of the choice-fed group and also to prevent any possible effect of micronutrients on feed ingredient selection. Fresh water was given ad libitum during the entire experimental period to all animals. Kids and their dams were housed separately and the kids were allowed to suckle their dams one hour in the morning and one hour in the afternoon every day during the experiment except on weekly milk control days, when daily milk yield was determined by summing up morning (07:00 h) milk and afternoon (16:00 h) milk by hand milking. Representative milk samples from the morning milk were taken and the dry matter, fat, protein, and lactose contents of milk were analysed weekly by MilkoScan S 50 (Foss Electronic, Hillerod, Denmark).
Proximate analyses of feeds were performed according to AOAC (1998). Metabolizable energy, Ca and P content of the diets were calculated based on the table values published by NRC (1981) .
The experiment was carried out according to a completely randomised design and data obtained in the experiment were analysed by the GLM procedure in SAS (1985) . Differences of means were separated by Duncan's New Multiple Range Test. The differences between TMR and the diet chosen by goats with respect to ingredients and chemical compositions were determined by the One Sample T-Test (SAS,1985) .
RESULTS
The results obtained in the study are presented in Tables 2 and 3 . The goats in the choice-fed group changed their diet preferences as the experimental period progressed; they increased their dietary energy level and decreased the dietary protein level. At the end of experiment, the diet chosen by the goats in the choice-feeding group had a lower barley content (P<0.05), but higher soyabean meal and wheat bran contents than TMR (Table 2 ). According to the ingredient preferences of goats in the choice-feeding group, their diet also had less ME and a higher protein level (P<0.05) than in TMR. However, the goats in the choice-feeding group selected a diet containing a similar crude fibre content to that of TMR. The results at the end of the experiment showed that milk yield, concentrate, hay and total feed intake, CP and ME intakes and liveweight change were affected (P<0.05) by feeding methods (Table 3 ). The goats receiving 1.0 kg concentrate or TMR or choice feeding yielded 0.41 kg/day (P>0.05), 0.93 kg/day (P<0.05) and 1.74 kg/day (P<0.05) more milk than those receiving 0.5 kg concentrate, respectively. The goats fed on TMR and choice-feeding consumed less (P<0.05) hay than those fed on 0.5 and 1.0 kg concentrate, while the choice-fed group consumed a higher (P<0.05) amount of hay than those receiving TMR. With respect to concentrate intake, feeding methods had a significant effect (P<0.05) as the groups increased their concentrate intakes according to its availability. The highest intake was obtained in the choicefed groups, followed by the groups fed on TMR, 1 kg and 0.5 kg concentrate. The results of crude protein and metabolizable energy intakes showed a similar pattern with concentrate intake. Liveweight change was also affected (P<0.05) by feeding methods during the entire experimental period including the preliminary stage; all groups showed liveweight loss, which was higher for the goats on 0.5 and 1.0 kg concentrate than the goats receiving TMR and choice-feeding. Feeding methods had no significant (P>0.05) effects on fat, protein or dry matter contents of milk. However, lactose and non-fat-solids content were affected significantly (P<0.05) by feeding methods, as lactose and non-fat-solids content of the groups increased according to their concentrate intakes.
DISCUSSION
The results obtained in the present study showed that feed intake, milk yield, milk composition and liveweight changes were influenced by feeding methods.
Our results related to feed intake revealed that offering limited concentrate decreased total feed intake. The goats receiving limited concentrate (0.5 and 1.0 kg) tried to compensate dry matter intake by consuming more hay as long as they had free access to hay, when compared to the TMR and choice-feeding groups. The results also showed that the groups receiving the limited amount of concentrate (0.5 and 1.0 kg) consumed similar amounts of hay. This could be attributed to the physical properties of hay. Hay was used as stalk in 0.5, 1 kg concentrate-supplemented-and choice-fed group. Masson et al. (1991) reported that goats receiving low and high amounts of concentrate (900 g vs 700 g/day and 600 vs 400 g/day) consumed similar amounts of green forage. On the other hand, Hadjipanayiotou and Morand-Fehr (1991) claimed that the level of roughage intake was higher when goats were allowed much time and abundant amounts of hay for selection. In our study, lucerne hay was given 3-4 times a day to prevent selection of leaves. This may have led the goats in both groups (0.5 and 1.0 kg concentrate) to consume similar amounts of hay.
In TMR and choice-feeding treatments, where the amount of concentrate was not solely limited, hay intake decreased significantly. These results suggest that increasing the amount of concentrate in the diet reduces roughage intake in goats. Similarly, Sauvant et al. (1991) reported that goats receiving 100 g supplemental concentrate consumed 111 g less forage dry matter. Although the goats fed on TMR and 0.5 kg concentrate consumed concentrate/roughage in different ratios, they consumed similar amounts of dry matter in our trial. Similarly, Goetsch et al. (2001) observed that goats fed diets with 20:80, 35:65, 50:50, or 65:35 concentrate/ roughage ratios consumed similar amounts of dry matter.
Our results also revealed that choice-feeding stimulated dry matter intake when compared with TMR; even consumed roughage and concentrate in which used in TMR (40:60; Table 3 ). These results suggested that free-choice feeding has a potential to increase dry matter intake in goats by giving the animals a chance to consume feed ingredients in a synchronized manner to improve the ruminal environment (stability of pH, synchronization of nutrient supply to microorganisms in the rumen), as previously reported by Görgülü et al. (1996) for lambs, Abijaude et al. (2000) and Fedele et al. (2002) for goats. Additionally, Morand-Fehr et al. (1991) reported that feeding preference opportunities of goats on pasture and rangelands is higher than those in stalls because of the higher availability of feeds and feed types. Therefore, it may be speculated that choice-feeding in stalls or on pasture and rangeland may give goats a chance to select their diets and may improve their performance. Moreover, the goats in the choice-feeding group in our study changed the crude fibre content of the diets selected depending on the experimental period (17.25% for weeks 1-4 vs 15.06% for weeks 5-7). The choice-fed goats consumed more feed and produced more milk in the first period of the study. Accordingly, they may have needed more fibre to maintain the rumen environment in desirable limits, to regulate digestion processes, stimulate rumination and salivation, and form a normal rumen mat to create a filter system that prevents rapid passage of particles and loss of nutrients (Van Soest et al., 1991) . Fedele et al. (2002) also showed that choice-fed goats maintained the fibre content (NDF) almost constant, while the goats markedly changed the concentrate content (until 85%) of the diet selected in different periods of their life cycle (dry period, lactation and late pregnancy).
Abijaude et al. (2000) also provide an explanation for increased concentrate intake in the choice-feeding group. They provided detailed information on the feeding behaviour of dairy goats; they observed that goats consumed marked amounts of feed by increasing the number of secondary meals when a high concentrate diet was offered. In other words, goats fed a high concentrate diet can consume marked amounts of feed by taking smaller meal size in shorter intervals. This type of feeding pattern could be expected to help the animal overloading the rumen with highly fermentable concentrate, which may cause significant decreases in microbial activity of the rumen.
Our results also showed that metabolizable energy and crude protein intakes were the highest for the choice-fed goats and the lowest for the goats receiving 0.5 kg concentrate. Metabolizable energy intake and crude protein intake were similar for the goats fed on TMR and 1.0 kg concentrate. These results were expected as feed intake mediates metabolizable energy and crude protein intakes. Goats receiving feed ingredients as free choices selected a diet that had higher crude protein (19.2 vs 17.3%) and lower metabolizable energy (2.55 vs 2.59 Mcal/kg DM) values than the goats on TMR by selecting higher amounts of wheat bran, soyabean meal and lower amounts of barley than their individual levels used in TMR ( Table 2 ). The high preferences of goats on choice-feeding for protein could be attributed to their high protein requirement for high milk yield, and the need for optimization of ruminal fermentation and also for buffering high acidity resulting from their high intake of concentrate. Moreover, high yielding goats may need more amino acids in the small intestine to maintain milk yield. It is reported that soyabean meal has high degradability in the rumen (Görgülü et al., 1999) . When the protein source, soyabean, used in the present trial was considered, this could limit rumen escape protein (amino acids) to the small intestine, thus goats having high yielding capacity may need to consume more protein to maintain the amino acid supply to the small intestine.
The results with respect to diet selection showed that the nutrient intake of choicefed goats was higher than the recommendation made by NRC (1981) . According to NRC (1981) , goats, by size and milk yield similar to our choice-fed goats, require about 8.5 Mcal metabolizable energy and 378 g crude protein daily, however, our goats consumed about 20% more energy, and 50% more protein. This result suggests that the NRC (1981) recommendations for goats seem to be not totally valid for the suckling Damascus goats used under our experimental conditions.
In pasture or rangeland, goats may show preference for some plant species according to their availability and stage of maturity (Odo et al., 2001) . Our choicefed goats in stalls had no limitation as to the availability of feed offered them. The main reason for preferences for some special feed ingredients given as free choices therefore probably depend on their nutrient contents, palatability and their effect on ruminal conditions, such as microbial growth, ruminal pH, ammonia nitrogen, proportion of volatile fatty acids, passage rate, and rumen turnover rate. It has also been reported that one of the objectives of ruminants for selecting a diet is to maintain the rumen environment within a certain physiological range (Cooper et al., 1995; James et al., 2001) . It has also been suggested that goats need to select a highly nutritious diet, as they have a relatively smaller body size and gastrointestinal tract capacity compared to other ruminants (Van Soest, 1982) . Fedele et al. (2002) , who tested free-choice feeding by offering beet pulp, chick pea, broad beans, pasture hay and lucerne hay against traditional feeding, reported that lactating goats selected a diet with a higher protein/energy ratio at the beginning of lactation when compared with the later phase. Our findings support the results of Fedele et al. (2002) ; the goats in the choice-fed group changed feed ingredient preferences depending on the experimental period, decreasing the protein (19.7 vs 18.7%) and increased metabolizable energy contents (2.49 vs 2.61 Mcal/kg DM) of the selected diet as the trial progressed (in weeks 1-4 and 5-7 of the experiment).
Changes in preferences for feed ingredient and/or diets selected by goats and milk yield in different stages of lactation suggested that dairy goats may have the ability to associate the physical properties of feed ingredients with their physiological effects and select their diet according to their nutrient requirements. Additionally, choice-fed goats did not show any unusual feed preferences that lead to digestive problems, although they consumed relatively higher amounts of concentrate (2.48 vs 1.75 kg/day) than the TMR group. This result may also suggest that when animals consume high amounts of concentrate, they simultaneously increase their roughage intake to optimize ruminal conditions. Milk yields of the goats fed on free-choice feeding were higher than those of the other groups during all experimental periods. The goats receiving choice feeding yielded 80, 51 and 26% more milk and experienced lower weight loss than the groups receiving 0.5, 1.0 kg concentrate and TMR, respectively. These results once again suggest that high nutrient intake is the major factor for enhancing milk yield and maintaining body weight in early lactation. High nutrient intake increases the nutrient supply to mammary and adipose tissue for milk production and for body weight gain. Our results with respect to nutrient intake and milk yield in early lactation are in agreement with previous studies (Morand-Fehr and Sauvant, 1980; Gihad et al., 1987; Hadjipanayiotou, 1987; Mishra and Rai, 1996) , in which dairy animals were reported to quickly respond to energy or protein balance during early lactation by increasing or decreasing milk yield.
Our results also showed that milk components were affected by feeding treatments; lactose and non-fat solid contents were increased by increasing concentrate and total dry matter intakes throughout treatments. Non-fat solid content of milk may change due to changes in protein content and occasionally lactose content. Although there were no differences in protein, fat and total protein contents of milk among the feeding methods, there was a tendency for the fat content to decrease and the protein content to increase, while significant increases in the lactose content occurred depending on the concentrate intake. It has been reported that the SNF content in cow milk (Harris and Bachman, 2002) and lactose content in late lactation in goats (Goetsch et al., 2001 ) increased as the concentrate intake increased. It is well known that lactose plays a major role in milk synthesis, and it draws water into milk in mammary epithelial cells (Thomas and Martin, 1988) . Therefore, the increase in milk yield in the present study could also be explained by the increase in concentrate intake, which stimulates lactose synthesis in mammary tissue.
CONCLUSIONS
The results obtained in this study suggest that TMR may give satisfactory results in feeding lactating suckling goats when compared with conventional feeding with 0.5 or 1 kg concentrate with ad libitum lucerne hay. The results also suggest that dairy goats may have the ability to associate physical properties of feed ingredients (ground barley, soyabean meal, wheat bran and lucerne hay) with their physiological effects and select their diet according to their nutrient requirements, attaining better lactation performance. Under these circumstances, choice feeding offers some potential advantages by providing a simple methodology to ascertain nutrient requirement of dairy goats and/or to evaluate feed ingredients and diet formulation and preparation.
